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Attributing the source of nitrate in long-screened production wells is often difficult. This study
demonstrates that analysis of natural tracers combined with depth-specific sampling can allow
fingerprinting of nitrate source in mixed-age samples drawn from municipal production wells. This
study specifically investigates the sources of nitrate contamination to a municipal water supply well in
the Central Valley using a combination of natural isotopic and dissolved gas tracers, and an
advanced method for profiling chemical concentrations and water flow in long-screened production
wells. The municipal well is located near areas of historic and current agricultural activity and
screened over four separate vertical depth intervals between 165 and 326 feet below ground surface.
Potential sources of nitrate contamination to the well included local almond groves and a fertilizer
supply plant located approximately 1000 feet away. Traditional groundwater characterization in this
and previous studies sampled private supply wells in the area and monitoring wells on the fertilizer
supply plant; data from these studies indicated that the fertilizer supply plant could be a significant
source of nitrate to the municipal well. These studies, however, did not address uncertainty in the
amount of nitrate contributed by almond groves or in the mechanism for contaminant transport from
the fertilizer plant to the municipal well in a region with highly variable groundwater flow direction.

Additional studies included detailed stratigraphic characterization; shallow and deep monitoring well
installation, sampling and head monitoring; a pumping test on the municipal well; flow and
concentration profiling on the municipal well; groundwater flow and transport modeling (including the
well capture zone); and characterization of nitrate stable isotopic composition and *H-*He
groundwater age. The USGS dye tracer and sampling method used at the municipal well allowed
depth profiling of flow, nitrate concentration, nitrate isotopic composition, and groundwater age. The
isotope and age data provided two new pieces of evidence that the fertilizer supply plant was the
source of elevated nitrate in the municipal well.

1) Chemical mass balance calculations using nitrate concentration, nitrate isotopic composition,
and initial tritium activity all indicated that that the source water for elevated nitrate was a very
small component of the water produced by the well and thus must have had an extremely
high nitrate concentration. The high nitrate concentration (~1500 mg/L as nitrate) required by
the mass balance calculations for the source water precluded common agricultural sources of
nitrate (such as irrigated agriculture) and was similar to nitrate concentrations in shallow
groundwater under the fertilizer plant (>1700 mg/L as nitrate).

2) Nitrogen and oxygen isotope compositions of nitrate indicated that the additional
anthropogenic nitrate source to the municipal well was significantly enriched in 5'"®0-NO;, an
isotopic signature consistent with synthetic nitrate fertilizer, and not with human or animal
wastewater discharge, or with organic fertilizer. The fertilizer supply plant handled and stored
synthetic nitrate, and monitoring wells on and near the plant had high 5'°0-NO:s.

These findings are consistent with nitrate concentration data indicating that an improperly-constructed
industrial water supply well on the fertilizer plant acted as a vertical conduit to deep groundwater at
the depth of the municipal well screens.
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Please note that we have quite a comprehensive analysis to present. While Mike and Rob can share
one speaking slot, 1.5 to 2 slots would allow us to convey a much more complete body of information
to the conference attendees.
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